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Characteristics of the Beam During 
Collider Run II 

Norman Gelfa,nd* 

February 13; 1991 

This note describes some of the charact,eristics of the beam in the collider 
during the last collider run and as such it provides a ba,se line for comparison 
with the beam properties measured during fut,ure collider runs. 

The measure of accelerator performance, during collider operation, is the 
1uminosit.y which ca,n be calculat,ed from the measured beam parameters. 
(\5’r also nerd t,o know the lat.tict- functions but the problem of determining 
t,hesr is outside t,he scope of this note.) The luminosity L can be writi,en in 
terms of the characteristics of t,he barn a: ’ 

.c = C(L) N, ‘V&?h Ch ,& c”y 

C(L) A function of the bunch lengt~h, L. 
N, The number of protons in t,hr bunch. 
N, The number of anti-protons in t,hr bunch. 

Ch The horizontal emitt,ance of the bunch. 

CL, The vert,ical emit,tancr of the bunch. 
,$b. and ,B. are the values of the amplitude function at the int,eraction point,. 

‘Work supported b\ the U.S, Department of Energy under contract No. DE-ACUZ- 
76CHO3000. 

‘This formula cannot be used to calculate the luminosity when there is more than one 
proton and anti-proton bunch 01 when thr p and p have different emittances but il does 
identify the b?am parameters required to calculate the luminosity 



This nok will concentrak on t~hose beam characteristics nreded to cal- 
culatr thr luminosity. All the da,ta described herr have been culled from thr 
COLL88 data base generated during Collider Run II. Only the data rrmrdrd 
during low-$ oprrat,ion on or after Nov. 6,1988 (store 1728) art- used in this 
nol~e (a total of 135 st,ores). 2 The data si,ored for each ACNET derice was 
either avemged over a predekrmined length of time (typically 15 minutes) or 
si,ored whenever t,he value of the device changed. Thus the bunch intensities 
and bunch lengths are averaged while t,he transoersr rmiitances are recorded 
whenwer they are measured. 

The data of each bunch were fit to a polynomial in t,he time after the 
wires were first flown after t.he TEVATRON was at low-~. This is t,gpically one 
hour afkr the t,ime low-,B wa,s achieved. Thus I am not describing the beam 
chamcteristics immedia,tely after t,he st,art of collisions in the TE\:ATRON. 

‘All the data are from the period during which we used t,he procedure to “kill unwanted 
beam”. In this procedure beam in unrant,ed buckets was removed and the emift~ance of 
thr p beam was deliberately increased to reduce the ham-beam interaction. 
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Bunch Intensities 

The intrnsities of the 6 prot.on and 6 anti-proton bunches were measured b) 
thr SBD (Sampled Bunch Display). The data were recorded by the data 
logger md t,hese dat,a were averaged over a 15 minute interval and stored 
in thr data base. The intensity of ea,ch bunch, as a function of time, was 
fit to a first order polynomial. A hist,ogram of the co&cieni.s found in the 
fitting of the da.ta from the different bunches and stores: is plotted in figure 
1. Table I summarizes the characteristics of the fit to the bunch intensities 
during low-,b operation. 

The fraction of the p or p lost per unit time seems quile comparable. The 
lifetime (defined as ‘- N j(dN/dt)) of the b unch int~rnsities is in excess of 100 
hours. The first, order fit described here has a bunch lifetime which decreases 
wit,h t,ime int,o the store. 

If the da.ta are fit to a second order polynomial t,hen the bunch lifetime 
begins at greater than 50hours a.nd rmches more than lOOhours in 48 hours. 
The lifetime of the proton bunches is longer t,han t,he lifetime of the anti- 
proton bunches. 

3Thc C given for the fitted caefficients gives an indication of thr rariaGon, OWI the 
man? sets of data fitted, in t,he value of t,he fitted parameter. Thf quantity described as 
“~9 in the- table is an indication of the enm that, would be assigned to the data to hare 
the expected x2 for the fit. 

3 



Transverse Emittances 

The transverse emitt.ancrs (horizontal and vertical) of th? 6 proton and 6 
anti-proton hunches were measured by flyin, u mires a,t C48 (horizontal and 
vrrtical wires) and ,417 (h orizontal wire). Thr mmsured 17 of each bunch was 
convert.ed into an emitt,ance using values of the amplit,udefunction fi and the 
dispersion function 17 calculated by TEVLAT. (The calculation was done 
including the values of the high order multi-poles measured at MTF.) ‘The 
emitt,ance of fach bunch was fit to a first order polynomial. The coefficients 
found in Ihe fitting are histogrammed a.nd showm in figure 2 a,nd figure 3. 
Table II summarizes the characteristics of the fit to the bunch ernit,tances 
during lot+9 ~opcraiion. 

Table Il. Tran_sverse Err&m ~~. .~~~~~~ ~,..~__ 
Quantity ~ Particle \‘alue (mmmr)~C(mmmr) ~ 

19.5 
I 

3.2 ~ 
21.8 4.4 

;--.1~-_ 
dtdl 

C,‘,=o 

d,~cl 

f,iIZO 

dcr,/at t=lJ 
~ dt,/dti,=o 

dthjdtitzo ~ 
at,!dt;,_o 1 

1 1:; ;$ I 
I ::c ~ Q" , 

1 '?g - t," ~ 

P 
P 
P 
P 
P 
P 
fj 
F 
P 
P 
P 

P 

12.0 2.3 
14.5 2.9 

~0.34 / hour 0.13 )1 hour 

$0.35 f hour 0.20 / hour 
to.30 / hour 0.10 / hour 
+0.30 / hour 0.19 / hour 

0.62 0.37 
1.4 1.5 

0.56 0.42 
1.23 1.61 

The growth of the emittance is approximately the same for both p and p 
and in both transverse plmes at about, 0.3 mmmr/hour. The growth ratr of 
thr proton bunches is slightly larger than that of the ant,i-prot.on bunche. 

The dat,a for the vert,ica.l emittarrcr reflects problems with t,hr vertical 
wire during the run. 



Bunch Length, Longitudinal Emittance and 

SPlP 
The bunch lrngths of t,he 6 proton and 6 anti-prot.on bunches were measured 
by th? SBD (Sampled Bunch Disp1a.y). The data were recorded bx the data 
logger a,nd these dat,a were avemged over a 15 minut,e inter& and slored in 
thr data base. From the meawed bunch lengt.h, the calculated t.ransition 

3 and a knoalrdge of the opemting conditions of the TEVATROS (such as 
thr energy and the r.f. voltage) thr longitudinal emit.tanct- and the value 
of b-p/p can be calculated. 4 The data for each bunch were fit to a, first 
order polynomial. The coefficients found in the fit,ting are histogrunmrd 
and plotted in figures 4-6. Tab1 es III,IV,V summarizer thr characteristics of 
the fit to the dat,a during h-/3 operation. 

Table III: Bunch Length. 

$uantitirp t’cle Value (cm) 

i Lo 
3CiJrl.. ~~m~mc ~(Crn)~~ _ 

~ p I 50.0 2.4 
LO F 50.3 
dL/dt t=O P +0.56 ,’ hour 
aL,~at:t=o F 
“CT)’ 

~ to.62 / hour 

P 0.73 
" IT'? i v 0.98 

3.0 
0.18 / hour 

0.17 /hour 

0.3i 
0.59 

Quantity Particle 

4t-0 P 
4zO P 

Table IV.- Longitudinal Emittance. 

Value (e\‘-s) c (eVs) 1 2,g5 - ..-.. .:~~~~~~~~ ~o~,3,~~~-~ 

2.91 0.40 
6.6.10..*/ hour 3.1.10~~2/ hour 

6.9.10~*/ hour 2.6.10"2/ hour 
0.11 0.12 
0.13 0.13 

4Tlrr avrrage r.f. voltage lar the protons is zz 4Yc larger than that of the anti-protons. 
As a result, r\‘en though the ant,i-prat,on bunch length is, on the averag?, slightl: larger 
t,han that of the protons, the longitudinal emittance LI and the 6p/p of the protons is: on 
average, slightly larger than that of the anti-protons 
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Table V.-Ep/p ,~~~ ~~~-~~~-~~~~~ ~. ..~ 
Quantm Particle value (74) ~ r (7%) ~ 

~ SP.lP0 P I .37.1u-.2 1.71.10-3 ~ 
6PiPo P ~ 1.36.10m2 ~ 2.57.1w3 ~ 

4blp)14=o P ~ 1.60,10m4/ hour 1.4i.lP / hour 

i +(fp/p)/d& 1.60.10-4/ hour ~ 8.4.10-5 ,’ hour ~ 
~ ,‘cY 
i =lTiT 

2.91’10~4 i 
3.26.10m4 ~ 2.71.10-4 ~ 3.11.10-4 

Again we see t,hat the proton and anti-proton bunches behave in a sim- 
ilar manner though the growth in the longitudinal emittance of the ant,i- 
protons is slightly larger than for protons. The bunch length grows typ- 
idly by about Gmm/hour. The corresponding change in 6p/p is appros- 
imakly 1.60~10-4%/hour. The growth of the longitudinal emittance is = 
O.OGeV-s,‘hour. 



Luminosity 

The interaction ralc at BO ha.s bren measured by thr CDF colla~buration: 
and thry have expressed thr ra1.e as a luminosity using a number of a:- 
sumptions. This “measured” luminosity is referred to as C:BOL~MP and is 

known 1.0 exhibit, a short lifetime short,ly aft,er low/? is reached. Tht- lifctimr 
of C:BOLUMP is observed to increase as thr storr evolves. 

The values of C:BoLTMP provided by CDF have been averaged ovt-‘~ a 
fift,een minute interval and stored in the data base. Thr values of C:BOLI’MP 
rrcovered from the data base have bren fit to a, second order polynomial in 
t,he time after thf TEVATRON reached low-0. 5 The fit lo t,hese data (figure 
7) shows an initial lifrt,ime of the order of 14hours rising to moor than 17hours 
after the first hour of collisions. After 10 hours t,he luminosit,y lifetimr is on 
the order of 24hours. 

The luminosit,y lifetime is much smaller than the lif&me one would cal- 
culate if the only time dependence was due to t,he lifet.ime of the bunch 
intensities. 

5Please not? that since the value of CBOLUMP does not require the flying wirer the 
data are available right after WC reach low+?. 
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